Modelling of the Matsim N-LCA integration
We describe in the following sections the modelling assumptions, data specifications, and calculation steps that were used to integrate the MATSim simulation model with the N-LCA model in order to develop a noise footprint model (NFM, hereafter; see Figure S1 ).
Figure S1. Graphical depiction of the integration between MATSim and N-LCA

MATSim Data
The MATSim data provides a large range of information about all the mobility patterns of Switzerland on one representative day. All actions of the agents are recorded in the simulation, including details on e.g. the means of transport used, the time of the day of use, and the location of emission. The information extracted from MATSim was processed and filtered to allow for a precise matching of the simulation data with the N-LCA model. This allowed for a smooth integration of the simulation results into the N-LCA inventory of emissions, and characterization of results.
MATSim provides indications of the departure times of all journeys simulated for all agents in the simulation. In order to assign the most suitable characterization factor from N-LCA to the location of use and emission we used the standard Lden (Day Evening Night Sound Level) metric. Lden is commonly used in community-noise assessments to distinguish between emissions taking place during the day, evening or night, and was used to defined temporal contexts of emission in the N-LCA model. Following the Lden standard, we assigned the departure times of vehicles in MATSim to the time of the day in which eventually emissions took S-3 place. In the context of the NFM, assigning departures to the time of the day in which they took place allowed better assigning N-LCA characterization factors to emissions during the development of the NFM. As a journey can endure through several time ranges, it is the departure time that is crucial for the allocation of emissions to the right fractions of the day.
Such allocations were performed according to Table 1 below, and conform to standard practice in the noise-assessment literature (Kephalopoulos et al. 2012) . We used the length of road segments defined in the MATSim representation, the departure and arrival times of the agents, and the free speed of vehicles to record all journeys for all agents in the simulation. This information was, then, used to calculate the time necessary for each agent to complete every single journey recorded in the simulation. As a result, we were able to calculate the total distance and time taken by each agent to complete all journeys. For each household, we were able to calculate the total time in seconds that each member spent using their private cars. This modelling approach was applied for all agents, households, and journeys included in the simulation for the whole of Switzerland. The sum of all journeys was then linked to N-LCA for the calculation of the noise footprint of agents, and then of households, cities, and for the full country scale.
Public Transport
The MATSim simulation includes a wide range of alternative for public transport, which cover nearly the full set of options available in Switzerland. For the NFM, we decided to include in the analysis six alternative public transportation means. We excluded from the analysis vehicles that do not operate on land (e.g. ferry boats), as well as other vehicles type available in the simulation, such as "call taxi", due to their modelling specificities and to lack of the necessary details to link them to the N-LCA model. These exclusions accounted for less than 2% of all journeys in the simulation. The list of vehicle types included in the analysis is reported below in Table S3 . We proceeded in a similar fashion as for the case of passenger cars to calculate the demand for the transportation means included in the NFM. MATSim calculates the speeds of vehicles used during public transport using the length of travelled road segments and the time necessary to drive the length of the segments. For this reason, no further specific information could be directly extracted from the simulation on the context in which the use of transport means and the related emissions took place. Therefore, the contexts in which the emissions take place are based on the assumptions reported in Table S4 . The assumptions are based on typical usage of the selected transportation means across the contexts modelled in N-LCA (i.e. urban, suburban, rural) and included in the definition of NFM. These assumptions can be further refined to build future scenarios, and as more specific data come available. Information about the departing times of all journeys by public transport of all agents was obtained from MATSim. The percentual usage for every vehicle type was calculated once again following the standard Lden metric distinction between day, evening and night (see 
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Characterisation Factors (CF)
The CFs are based on the calculations of Cucurachi and Heijungs (2014) and were not changed for the NFM. Below the used CFs for the calculations are shown in Table S6 . CFs for other contexts and archetypes are reported in a separate calculation sheet also available as Supplementary Information. .
S (1) The input parameters and are specific to each vehicle category, and represent the propulsion noise coefficients given in the octave band f (from 63 Hz to 8000 Hz). The reference speed is 70 km/h, and was combined with average velocities driven by vehicles at specific locations.
The CNOSSOS report further considers an additional factor , representing the sum of potential additional correction coefficients for conditions deviating from the reference conditions.
At the inventory level this factor was excluded from our calculations to avoid potential doublecounting. The characterization factors of the N-LCA model already account for alternative roadsurface types. Additionally, the time needed by a specific source of emissions in the model to travel a specific distance across space segments in the simulation space was further incorporated in the calculation of the sound emissions.
The rolling noise component of the sound emissions was formulated by (Kephalopoulos et al.
2012):
.
The input parameters and are specific to each vehicle category, and represent the rolling noise coefficients given in the octave band f (from 63 Hz to 8000 Hz). The reference speed is 70 km/h, and was combined with average velocities driven by vehicles at specific locations.
Below the input data for the equations are given for typical combustion engines of road-based vehicles. 
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For the road based noise emissions, a reference velocity is needed, which is assumed as 70 km/h. In addition, an average velocity must be available for each of the three contexts of emissions modelled in the NFM. The average is calculated from the effectively driven velocities in MATSim and their occurrence in the simulation. Values are reported in Table S9 . The values are used for the noise emission calculations and are relative to the reference speed. 
Rail-based Noise Emissions
From the CNOSSOS report for the rail based noise emissions, the sound power level is already available in watt. Thus, no further calculations must be done before calculating the actual noise footprint. The input data of the sound power level is as follows is reported in Table S10 . 
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Python program excerpt for the calculation of the noise footprint
The calculations of the noise footprint and all connections steps among models were implemented using Python. An exemplary program for the whole calculation of the noise footprint for one archetype is reported below. This program does only fit for one context, one time-range and one vehicle type. Similarly, the full set of calculation is available upon reasonable request and can be supplemented. The code can be used for further implementation of the N-LCA model outside of the scope of this contribution.
In the calculation of the Noise Footprint, nine different archetypes were considered: the context of the emission is split into urban/suburban/rural, while the time where the emission takes place is also split into three: night/day/evening
In the following exemplary program, the calculations for the urban context and daytime are shown for the case of the regional-bus (comments italicised).
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The Characterisation Factors (CF) for the Vehicles are read in a first part. The CFs are not vehicle specific, thus they are read before the main program starts CF_urban_day = characterisation['cf_urb_day'] à see Table 6 For road-based vehicles the sound power level according to the CNOSSOS report (Kephalopoulos et al. 2012) has to be calculated, using the inputs arolling, brolling, apropulsion and bpropulsion. Those are the variables used in the report and comprise different characteristics of the propulsion and the rolling noise. The average loads for all vehicle types are based on ecoinvent (Frischknecht et al. 2004 ). An overview of those inputs can be seen in the supplementary Information "Calculation Noise Footprint". Frequencies are the eight frequencies of the octave center-frequency band. The output of the following lines is sound power level in watt. The reference speed is defined as 70 for all the road based vehicles.
frequencies = regbus_rolling_propulsion['frequency']
à see Table S7 avrg_load = regbus_specifics ['avrg_load'] [0] à see Table S3 arolling = regbus_rolling_propulsion['arolling_noise'] à see Table S7 brolling = regbus_rolling_propulsion['brolling_noise'] à see Table S7 apropulsion = regbus_rolling_propulsion['apropulsion_noise'] à see Table S7 bpropulsion = regbus_rolling_propulsion['bpropulsion_noise'] à see Table S7 reference_speed = regbus_specifics The time input (in seconds) from MATSim has to be per person and is therefore divided by the average load. In the same way, a multiplication with the factor for the urban usage ([0, 1] for i in range(noa):
for j in range (8):
results into units of DALY Cucurachi and Heijungs (2014) attempted a preliminary calculation of the corresponding endpoint impact of noise on human health using a mid-to-endpoint conversion factor for the Netherlands. The factor translates a midpoint impact score in to the source-specific damage on human health expressed in the DALY scale. The unit of the conversion factors is . The factor was calculated using the background sound emissions in the Netherlands and linking them to the resulting value to the DALY lost in the country as calculated in (Hollander and Melse 2004) .
The limits of the approach are discussed in Cucurachi and Heijungs (2014) , and further analyzed in Meyer et al. (2017) .
In order to overcome such limitations, we further specify the conversion factor by separating the impacts determined by annoyance, sleep disturbance and by the combined association of the two, expressed using the DALY measure. Annoyance refers to the situation of disturbance from sound emitted during the day, and sleep disturbance relates to the situation of exposure of human target subjects during night time (Miedema 2001 (Miedema , 2007 Miedema and Vos 1998) . The implications of annoyance and sleep disturbance on human health have been amply discussed in the literature and are expected to make up more than 90% of the DALYs from noise exposure [see e.g. (Kim et al. 2012; Selander et al. 2009; Althaus 2012) ].
We re-define the conversion factor as the ratio between the environmental burden of disease and the quantity , which represents the standard midpoint characterized emission considering the total European population, a generic noise-soundscape, and a continuous sound pressure over a period of one year. The conversion factor allows transforming any human noise impact at the midpoint level to an endpoint impact in units of DALY, assuming a linear relationship. The resulting endpoint noise impact on humans is defined for a certain burden (i.e. annoyance, sleep disturbance) and for a certain source (e.g. passenger-car).
Also, a weighted combination of annoyance and sleep disturbance was calculated. This is based on the prevalence of the burdens of sleep disturbance to annoyance in Europe as reported by the WHO (Fritschi et al. 2011) . The weightings can be adjusted if more information is available about the specific area under consideration. The value of the conversion factor is, thus, directly linked to the source emitting the sound energy inventoried at the LCI stage, as recommended by Althaus (2012) . Values of were calculated for road vehicles, rail vehicles, aircrafts and static sources of sound.
We used the updated conversion factor for the calculations of the noise footprint in DALY.
The LCA-noise footprint per total mobility demand of one agent, NF, can be then translated into DALY using the expressions:
(3)
The unit of the resulting noise-footprint is DALY, thus representing a unit of time in years:
The conversion factor is defined as:
( 4) where subscripts and represent respectively the disease type and the source of sound emission. The environmental burden of a disease is measured in DALY and calculated as in (Berglund et al. 2000; Kim et al. 2012; Fritschi et al. 2011 ):
The contribution of a certain risk factor to a disease is typically quantified using the population attributable fraction (PAF). According to the WHO, PAF is defined as "the proportional reduction in population disease (or mortality) that would occur if exposure to a risk factor were reduced to an alternative ideal exposure scenario" (e.g. no exposure to noise) (Fritschi et al. 2011 ). In equation (5), the relative risk ( ) is the relative risk estimate for the risk factor of interest .
The measure represents the magnitude of the association between the risk factor and the potential noise-nuisance due to annoyance or sleep disturbance. If the risk in the exposed is equal to the risk in the non-exposed, if the risk in the exposed is greater than the risk in the non-exposed. is the estimated proportion of the population exposed to the risk factor of interest. indicates the time in lived with a disability, and the time lost 
due to premature mortality in the general population, assumed to be equal to zero for exposure to annoyance and sleep disturbance due to noise. The parameters and sources of the data are detailed in Table 1 below.
The denominator of equation (4) defines the reference characterised emission, for annoyance during the day and sleep disturbance at night, using the midpoint characterisation model for noise as defined in Cucurachi et al.(Cucurachi et al. 2012) . The quantity is defined as:
The conditions are defined for Europe. The unit of the characterized quantity is . The quantity is the standard reference sound pressure to which the European population is on average exposed, either during the day or at night (Hamby 2004) .
The parameter represents the European population (Eurostat 2016) . is the average duration of the exposure, which was assumed as equal to one year (Fritschi et al. 2011) .
The unit of the resulting conversion factor is .
We used the updated conversion factor for the calculations of the noise footprint presented in the next sections. Table Table S11 . 
